Introduction
In [1] the authors studied the question of blow-up for the solution of the problem ∂u ∂t = u + u p − |∇u| q in Ω × (0, t * ), (1.1) where u = 0 on ∂Ω × (0, t * ), (1.2) u(x, 0) = f (x) 0, (1.3) in a domain Ω ⊂ R N . Here is the Laplace operator, ∇ the gradient operator, ∂Ω the boundary of Ω, and t * the possible blow-up time. By the maximum principle it follows that u(x, t) 0 in the time interval of existence. In [1, 2] conditions on f (x), p, and q were given for which the solution to (1.1)-(1.3) would blow up in finite time. In this paper we determine, for solutions that blow up, a lower bound for the blow-up time t * when Ω ⊂ R
.
For convenience we set
and rewrite (1.1) as
(1.5)
As indicated in [5] it is well known that if p q the solution will not blow up in finite time. Also it is well known that if the initial data are small enough the solution will actually decay exponentially as t → ∞ (see e.g. [4, 6] ). Since we are interested in a lower bound for t * in case of blow up, we are concerned with the case q < s + 1. In fact it was shown
it is possible to have solutions that blow up in finite time.
Blow-up time
In this section we derive a lower bound for t * if s 1 and the solution of (1. 
where in the last step we have used inequality (2.10) in [3] . The constant λ is the first eigenvalue of the problem
For convenience we now set
Recall that q < s + 1. Thus we have from (2.2) and (2.3)
We now seek a bound for Ω v n+1 dx in terms of φ and the first and third terms on the right-hand side of (2.6).
We first note that
Then making use of a Sobolev inequality we have
(see e.g. [4] ) where 
We now use the fact that for some positive constant ν Ω v n dx
(2.12)
Returning to (2.6) we have 
